A new neutron transmission supermirror remanent polarizer is proposed. The polarizer is compact.
Remanent polarizing neutron supermirrors.
As is known, the technique of magnetron sputtering is widely used to create polarizing neutron periodic and aperiodic (supermirror) multilayer structures. In the process of such sputtering, magnetic anisotropy with easy and hard magnetization axes occurs in the magnetic layers of the supermirror coating.
The magnetization curve of such a multilayer structure (supermirror) along the easy axis is characterized by a high remanence, i.e. in the region of small fields H ~ (10 -20) Oe on both branches of the hysteresis curve, the magnetization of magnetic layers is high and close to its maximum value in absolute value. The shape of the hysteresis loop is close to a rectangle, as shown in Fig. 1 . In an electromagnet, the transition from one magnetization to the opposite occurs quickly: by means of a current pulse.
If we are at point A of the hysteresis curve, the magnetization of the magnetic layers of the multilayer structure is oriented parallel to the guiding magnetic field and the reflected beam will be polarized along the field (see Fig. 1 ).
If we are at point B of the magnetization hysteresis curve of the magnetic layers, the supermirror is oriented antiparallel to the guiding field and the reflected beam will be polarized antiparallel to the field (see Fig. 1 ).
Using the remanence of polarizing supermirrors allows to work in the polarization analysis scheme without a spin-flipper in front of the sample. The neutron remanent multilayer structures have been investigated in papers [8] [9] [10] [11] . The main parameters of some remanent CoFe/TiZr and Fe/Si structures are performed in Supplement II.
Concept of new supermirror neutron polarizer
Consider the concept of a new neutron polarizer [12] . This is a supermirror solid state multichannel transmission polarizer. It uses the property of remanent of polarizing supermirrors. The polarizer consists of two compact multichannel solid state parts. In both parts, each channel is a plate of neutron-transparent material. The first part is a spin splitter, the second part is straight polarizing NG or collimator-polarizer (see Fig. 2 ). In part 1, the supermirror coating is sputtered directly on both sides of the plate. In the 2nd part, supermirror coatings are also sputtered on both sides of the plates. Antireflective absorbing sublayer is sputtered on top of them. The substrate can also to absorb neutrons. Consider kink polarizer as part 1 (see Supplement II and [7] ).
The potentials of the supermirror layers for the spin component inverse to the guiding field are close to each other when the magnetic layers are in the remanent state. At the same time, these potentials are close to the potential of the substrate material and do not exceed its value. Parts of the polarizer have reverse magnetization with respect to each other, and one of them is parallel to the guiding field (see Fig.   2 ). Neutrons of both spin components leave the 1st part of the polarizer. From the 2nd part only neutrons of the inverse spin component come out. The reflectivities curves R + and R -for both spin components of the beam for remanent polarizing supermirrors (m = 2) located in the 1st and 2nd parts of the polarizer are shown in (Fig. 3a ) and (Fig. 3b ), respectively.
As follows from the figures, the curves are inverse to each other. For (+) spin component of the beam (Fig. 4 ) the 1st part of the polarizer is a deflector, i.e. it significantly deflects the neutrons this component of the beam from their original trajectories due to the reflections of the neutrons of this spin component from the supermirror coatings in the channels of 1st part of the polarizer. In this case, the divergence of the beam increases significantly, and in the area of angles close to the beam axis falls to almost zero. When passing through the 2nd part of the polarizer, the neutrons of this spin component are reflected from the walls with a very low reflectivity, because the orientations of neutron spins and magnetization vectors of the magnetic layers of supermirrors are antiparallel.
The non-reflected neutrons of this spin component are absorbed in the sublayer of the supermirror.
In fact, in this case, the 2nd part works as a conventional Soller collimator with walls made from neutronabsorbing and non-reflecting material. It would seem that neutrons must pass through it, because it has direct visibility in the angular range given by the width and length of each of its channels. But there are no neutrons in this angular range, because they were deflected from their original trajectories in the 1st part of the polarizer. As a result, there are practically no neutrons (+) spin component at the exit of the polarizer.
Thus, the polarizer deflects in 1st part of it the neutrons of this spin component, and then absorbs them in the 2nd part. Thus, for this spin component of the beam, the polarizer performs two functions: deflect and absorb! For neutrons (-) spin component of the beam, the situation is different (see Fig. 5 ). For them, the 1st part of the polarizer is a homogeneous medium, which they pass without deviations from their original trajectories, only slightly reducing their intensity due to absorption in the substrate material. This is due to the fact, as mentioned earlier, that the neutron-optical potentials of the supermirror layers and the substrate material are close for spin component of the beam which inverse to the guiding field. The 2nd part of the polarizer, these neutrons pass through a conventional straight polarizing neutron guide reflecting from its walls with a high reflectivity ( Fig. 3b ), because in this case the spins of neutrons and the vector of magnetization of magnetic layers of the supermirror are parallel to each other. As is known, the beam does not change its divergence when passing through a straight neutron guide.
Thus, at the exit of the polarizer, the angular profile of the beam of this spin component repeats the beam profile at the entrance to the polarizer with a slight attenuation due to absorption in the substrate material ( Fig. 5 ). As a result, the nonpolarized neutron beam passing through both parts of the polarizer will have a high negative polarization at the exit of the polarizer.
It is worth noting an important property of this polarizer. It can polarize beams having very wide angular distributions! The restriction is imposed by the parameter m of polarizing supermirrors from the 2nd part of the polarizer and the level of their reflectivity. For example, m = 5.5. For neutrons with a wavelength of 5 A, the angular divergence of the beam can be  2.7 degrees. But, for supermirrors from the 1st part, the parameter m can be small and equal to, for example, 2.
As the 1st part of this polarizer, in addition to kink polarizer, you can use polarized transmission bender without collimator [4] . Thus, there are two main variants of this solid state supermirror polarizer: 1)
Ist part -kink polarizer, IInd part -polarizing straight NG, 2) Ist part -transmission polarizing bender, IInd part -polarizing straight NG.
Let's consider the first variant of implementation of the proposed polarizer, shown in Fig. 6 . The polarizer consists of two parts: I-st part -kink polarizer (see Supplement II and [7] ), II-nd part -straight polarizing neutron guide. The entire polarizer is in the magnetic guide field H. Both parts are in the remanent state: for the I-st part of the induction vector is oriented along the field, and the second part of the polarizer induction vector antiparallel to the vector of guiding field H. In Fig. 7 and 8 the schemes of one channel for the 1st and 2nd part of the polarizer are shown, respectively. Supermirror polarizing coating and parameter m of it can be the same for both parts (Fe/Si, CoFe/TiZr...).
For the 1st part, it is a coating without a neutron absorbing sublayer, and for the 2nd part of it must be with an absorber (Gd, TiZrGd ...). The material of substrate is transparent for neutrons -silicon, quartz, As a result, only a small part of the neutrons of this spin component will come out of this neutron guide. Neutrons with spins against the field (black arrows) when passing through the I-st part practically will not be reflected from the supermirror coatings of the channels, because the potentials of the materials of the supermirror coating layers and the channel material are close to each other for this spin component. Therefore, these neutrons will not deviate from their original trajectories, i.e. the width of the angular profile of the transmitted beam will be the same as that of the beam at the input. Further, neutrons will pass through the straight polarizing neutron guide, both reflecting from its walls with a high reflectivity (R + ), and without reflections (straight-flight neutrons). At the exit from the 2nd part, the width of the angular profile of the neutron beam of this component will remain the same, since, as you know, when the beam passes through a straight neutron guide, its divergence does not change. Using these geometric parameters, calculations have been carried out for a variant of a multichannel remanent transmission compact polarizer consisting of two parts: kink polarizer + straight polarizing neutron guide (collimator-polarizer) for a wavelength of 5.5 Å.
On Fig. 9 the angular dependences of reflectivity curves for both spin components of the monochromatic beam with wavelength 5.5 Å for CoFe/TiZr (m = 2) supermirror No. 86 (see Supplement II) are presented for both parts of polarizer and for remanent state in field 15 Oe.
The designations of the curves in Fig.9 are following R + and R -for the 1st part of the polarizer, and R + and R -for the 2nd part of it. In the 2nd part (straight polarizing neutron guide), the curves will be reversed for the spin components, because the magnetization there will be reversed. The transmittance of the polarizer will increase and its length will decrease if to use silicon wafers of smaller thickness. For example, with a thickness of 0.15 mm, the total length of the polarizer will be only 55 mm with the same polarizing beam cross-section and the same supermirror parameter m = 2. On quartz, the absorption is still less than that of silicon. Although the result obtained is very good, the output beam parameters can be further improved (for example, to eliminate a small dip in the polarization at the 
Operation of the proposed polarizer in saturating magnetic fields.
One of the variants for effective use of the proposed polarizer, consisting of two parts is the work of both its parts in saturating magnetic fields. The scheme of such a polarizer is shown in Fig. 12 . As follows from the figure, the magnetization vectors of both parts of the polarizer are parallel to each other and parallel to the vector of magnetic guide field. A spin-flipper is installed between the parts of the polarizer. It is always in the state "on", i.e. it turns the spins of neutrons that have come out of the 1st part of the polarizer.
Thus, the action of this flipper is equivalent to the fact that the 2nd part of the polarizer, as it were, is in a state with reverse magnetization. Therefore, the properties of this variant of the polarizer and the principle of its operation are the same as for the remanent polarizer described above in the case of mutually reverse magnetization of both parts of the polarizer in the remanent state. The length of this variant of the polarizer will be slightly longer due to the use of a spin-flipper, but its main parameters will be slightly higher than for the remanent variant due to the magnetization to saturation of the magnetic layers of the supermirror structures of both parts of the polarizer. In the calculations of the parameters of the polarizer presented in Fig. 12 , the reflectivity curves shown in Fig. 13 , were used. These curves are almost the same as those shown in Fig. 11 , but the level of polarization of the transmitted beam is higher here than for the remanent variant. The average peak transmission for (-) spin component of the beam < T -> and the polarization of the beam on exit < P > are 0.58 and 0.996, respectively. II.3. It is a compact, because solid state.
II.4. The use of straight transparent plates for neutrons in the first configuration (kink polarizer + straight polarizing NG) parts of the polarizer allows it to be used as a polarizer and analyzer when working with large cross-section of the beams. Assembly of the device is greatly simplified, because it is not required to bend a large stack of short plates along the radius, but only to compress. II.5. A wide angular range of the neutron beam is available for this polarizer. is the minimum wavelength in the neutron spectrum. The V-cavity is placed in a magnetic system that provides a saturating magnetic field. The set of plates is enclosed in a frame. Neutrons (+) spin components of the beam (i.e., the neutron spins, which are oriented in parallel to the vector of the magnetic field system, and the vector of magnetic guide field of facility) of the neutron falling on one of the plates of the V-cavity and are reflected from it at an angle less than critical. They are then reflected at an angle less than critical from the walls of the neutron guide with m = 1. As a result, the divergence of (+) spin component of the beam increases, which will lead to the absorption of these neutrons, or in the walls when falling on the wall at an angle greater critical, after reflection from the silicon mirror or in collimation system. Thus, in the beam passed through the V-cavity, the number of neutrons of (+) spin component will be significantly less than the neutrons (-) spin component, i.e. the passed beam will have negative polarization. In this case, the axis of the output beam coincides with the axis of the beam entering this polarizer. This is important because the transition from nonpolarized measurements to polarized neutron measurements does not require a laborious restructuring of the entire facility. 
I. 3. Solid state neutron polarizing S-shaped benders.
In paper [5] a supermirror solid state neutron polarizing S-bender was described. It is schematically shown in Fig Advantages of this polarizer: does not deflect the axis of the beam passed through it, the unwanted spin component of the beam is absorbed in gadolinium layers.
Disadvantages of solid state S-shaped bender: the beam passed through it increases its divergence, difficulties in the manufacture a large cross-section of such polarizer. 
I.4. Solid state compact neutron transmission kink polarizer
A new compact neutron supermirror transmission polarizer is proposed in [6, 7] . This polarizer considerably more compact then V-cavity! The polarizer consists of a set of plates transparent to neutrons placed in the magnet gap. There are no air gaps between the plates. Polarizing supermirror coating without absorbing underlayer is deposited on the polished surfaces of the plates. Magnetic and nonmagnetic layers of the supermirror coating as well as the material of the plates have nearly equal neutron-optical potentials for spin-down neutrons. There is a considerable difference between neutron-optical potentials of layers in the supermirror structure for spin-up neutrons. As a result, spin-up neutrons reflect from the supermirror coating and deviate from their initial trajectories whereas spin-down neutrons do not practically reflect from the coating and, consequently, do not deviate from their initial trajectories. Thus, spin-down neutrons dominate near the axis of distribution of intensity on the angle for the beam transmitted through this polarizer, i.e., the beam is substantially polarized.
The polarizer design (side view) is shown in Fig. I.4 . A set of neutron transparent plates P is sandwiched between two broken polished metal surfaces 1 and 2 (the punch and the matrix) so that each coefficient T -(in which the absorption in silicon is taken into account) of neutrons of (-) spin component for the polarizer. As it is seen from the Fig. I.7 , T -is large and it decreases from 0.9 to 0.8 upon wavelength decreasing from 5 . 4   Å to 5 . 9   Å. Curves for P are obtained for angular divergences of the beam at the exit of polarizer of 8 mrad (  4 mrad) and 10 mrad (  5 mrad). As it is seen from these dependencies, the polarization is better than -0.99 in the whole spectral range Recently, a compact polarizer on silicon plates with CoFe/TiZr (m = 2) supermirror coating was created at PNPI. 3D drawing of the polarizer is shown in Fig. I.8a . The photo of the polarizer is shown in The results of measurements of this polarizer are presented at international conference ECNS 2019 [13] and will be present at international conference AOCNS 2019.
Supplement II. Remanent neutron polarizing supermirrors. Oe. So for the upper branch of the hysteresis loop at 20 Oe Pint = 0.945, and at the same field for the lower branch we get Pint = -0.945, whereas at the saturating value of the field in 470 Oe polarization is maximum and equal to 0.971. Thus, for a field of 20 Oe, the polarization difference from its maximum value is quite insignificant and it can be used in a small field of the order of 20 Oe. This mirror is much better than all the above considered. 
II.2. Remanent neutron polarizing Fe/Si (m = 2) supermirror.
In paper [10] the results of investigations of remanent multilayer Fe/Si structures are presented.
Hysteresis curves along the hard (1) and easy (2) magnetization axes for a multilayer periodic structure of 20Fe(70 Å)/Si(70 Å) are shown [10] in Fig. II.7 . The easy magnetization axis for this structure corresponds to the perpendicular orientation of the substrate relative to the direction of motion during the magnetron sputtering process of the multilayer structure. As follows from the figure, the hysteresis curve for the easy magnetization axis has a pronounced rectangular shape, which indicates a high remanence of this structure.
So for the field value H ~ 20 Oe, the magnetization values for the lower and upper branches of the loop are close to the maximum values of magnetization, but with different signs. The reflectivity and transmission curves for both spin beam components are shown in Fig. II.8 , as well as the polarization curves for the Fe/Si supermirror (m = 2) in a small magnetic field (H < 20 Oe) after magnetization in a large field (800 Oe) [10] . As can be seen from the graphs, the polarization levels of the transmitted and reflected beams are high. So, for reflectivity curve, the polarization is at P ~ 0.95 in the range of angles from 0.6 to 0.8 degrees. 
